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Obesity is associated with increased metabolic and cardiovascular
risk. Adipose tissues differ in their origins, function and metabolic
activity, and can be individualized by cardiac magnetic resonance
(CMR). Visceral fat has increased immune-inﬂammatory mechanisms,
which likely play an important role in the obesity-related risk. Epicardial
fat (EPIFAT) has enhanced paracrine immune-inﬂammatory activities
[1]. It is closely related to the epicardial surface and is isolated from the
remaining intrathoracic fat, deﬁned as paracardial fat (PARAFAT), by the
parietal pericardium. It is not fully known, however, if this higher local
metabolic activity in EPIFAT makes it different from the remaining
visceral fat tissues.
Bariatric surgery (BS) is an effective treatment for morbid obesity,
generally improving the related metabolic derangements. It is also
associated with reverse cardiac remodeling [2]. Changes in EPIFAT after
BS have been described but are not entirely well characterized [3,4]. We
hypothesized that the reduction of the thoracic fat components would
be heterogeneous three months after BS.
From a previously reported series [2] of 17 obese patients (44 ±
11 years; BMI= 44± 4 kg/m2) who had complete CMR studies before
and 80± 24 days after BS, wewere able tomeasure EPIFATand PARAFAT
in 13 (77%) subjects (BS group). These data were compared with a group
of 11 subjects (65 ± 7 years; BMI= 27.2 ± 4 kg/m2), who had two CMR
studies 56 ± 29 days apart, but were not submitted to an obesity
intervention (CTR group). Beyond other CMR measurements, we
measured, from steady-state free precession sequences (SSFP), the
thickness of different adipose compartments at end diastole, exempli-
ﬁed in Fig. 1, as:
- Subcutaneous fat (SUBFAT): the maximal subcutaneous fat thickness
measured at the mid sternal level in coronal and axial planes;
- Paracardial fat (PARAFAT): the maximal fat thicknesses over the right
ventricular (RV) free-wall outside the pericardium on the horizontal
long axis (HLA) and 4 chamber views;
- Epicardial fat (EPIFAT): mean of the maximal visceral fat thickness
anterior to the epicardial surface on the RV free-wall on the HLA and 4
chamber views, and the maximal fat thickness anterior to the
interventricular groove on the basal short axis view.
We tested group differences with independent Student's t test and
follow up changes with paired t test. The associations between relative
changes in each variable between the two studies in the BS group were
tested with Pearson correlation coefﬁcients and linear regression.
Intrareader and interstudy reproducibility of fat measurements was
previously tested in the CTR group and an additional set of 19 CMR
studies using intraclass correlation coefﬁcients (ICC). The intrareader
and interstudy ICCs were, respectively, SUBFAT (0.98, 0.93) PARAFAT
(0.92, 0.94) and EPIFAT (0.85 and 0.35). A p value of b0.05 was
considered statistically signiﬁcant. The study was IRB approved and
written informed consent was obtained from all participants.
At baseline, the BS group had higher SUBFAT (33.6 ± 8.9 mm vs.
15.6 ± 5.1 mm; p b 0.001), but similar PARAFAT (11.5 ± 3.0 mm vs.
9.5 ± 3.3 mm; p = 0.1) and EPIFAT (6.1 ± 1.3 mm vs. 6.3 ± 0.9 mm;
p = 0.5) thicknesses when compared to CTR group. For the whole
sample, baseline BMI was highly associated with SUBFAT (r2 = 0.69;
p b 0.0001), but not as strong for PARAFAT (r2 = 0.17; p = 0.05) andnot
with EPIFAT (r2 = 0.01; p = 0.6).
At follow up, the BS group weight declined by 18.4 ± 3.9 kg (BMI:
44.1 ± 4.2 kg/m2 to 37.1 ± 4.4 kg/m2; −16 ± 3.7% of body mass)
with no signiﬁcant change in CTR group weight (BMI: 27.2 ± 4.5 kg/m2
to 27.0 ± 4.7 kg/m2; −0.9 ± 1.4% of body mass; p = 0.06). The
absolute and relative changes in fat thicknesses in the BS group were
SUBFAT =−10.1 ± 4.7 mm; 31 ± 14% (p b 0.001), PARAFAT =
−0.7 ± 1.4 mm; 4 ± 11% (p = 0.1), and EPIFAT =+0.2 ± 0.9 mm;
−4 ± 11% (p= 0.2),while the CTRgroup showedno signiﬁcant change
in any fat component (all p N 0.1).
Importantly, there was a signiﬁcant association between the relative
changes inweight (Fig. 2) and SUBFAT (r2 = 0.52; p = 0.008) and with
PARAFAT (r2 = 0.41; p = 0.02), but not with EPIFAT (r2 = 0.05;
p = 0.5) in the BS group, partially mirroring the baseline associations.
These data demonstrate a close relationship between thoracic
subcutaneous fat thickness and bodyweight, with an association that
parallels the short term reductions in body weight seen, while
epicardial fat thickness did not show an associationwith BMI, or with
body weight change. Moreover, the paracardial fat, which might
share abdominal visceral fat characteristics, showed an intermediate
behavior compared to the other two fat components.
Our ﬁndings suggest that epicardial fat may have a more subtle or
delayed response to weight reduction than that seen in subcutaneous fat.
CMRmeasured epicardial fat thickness could represent a so specialized fat
that does not share the same behavior of the remaining visceral fat; or our
CMR methods or sample size is not sensitive to detect changes in
epicardial fat.
Finally, we found similar associations to those found with EPIFAT
when we analyzed epicardial and paracardial fat as a single component
(data not shown), which reinforces the concept that visceral fat does not
parallel the subcutaneous fat response.
Our data are in accordance with recent data demonstrating that,
with large relatively acute weight loss, the rates of associated
reduction in fat deposits, particularly EPIFAT, does not parallel
change in total body weight change. If EPIFAT has a speciﬁc cardiac
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role, but does not revert soon after weight reduction further suggests
that reducing obesity may rapidly improve metrics of Metabolic
Syndrome and diabetes, but the beneﬁt on cardiovascular riskmay be
relatively delayed.
Dr Murilo Foppa is supported by CAPES-Brazil (9601-11-2).
References
[1] Sacks HS, Fain JN. Human epicardial adipose tissue: a review. Am Heart J
2007;153(6):907–17.
[2] Jhaveri RR, Pond KK, Hauser TH, et al. Cardiac remodeling after substantial weight loss: a
prospective cardiac magnetic resonance study after bariatric surgery. Surg Obes Relat Dis
2009;5(6):648–52.
[3] Iacobellis G, Singh N,Wharton S, Sharma AM. Substantial changes in epicardial Fat
thickness af ter weight loss in severely obese subjects . Obesity
2008;16(7):1693–7.
[4] Gaborit B, Jacquier A, Kober F, et al. Effects of bariatric surgery on cardiac ectopic fat:
lesser decrease in epicardial Fat compared to visceral Fat loss and No change in
myocardial triglyceride content. J Am Coll Cardiol 2012;60(15):1381–9.
0167-5273/$ – see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.ijcard.2013.06.099
Fig. 1. Cardiac magnetic resonance (CMR) steady state free precession (SSFP) sequence (4 chamber view) identifying the thoracic fat components and reference landmarks.
Fig. 2. Scatterplots of baseline and 3 month post bariatric surgery correlations with ﬁtted lines and 95% conﬁdence intervals between relative changes (%) in body mass index (BMI)
and subcutaneous (A), paracardial (B) and epicardial (C) fat thickness.
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